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ABSTRACT
We use integral-field and long-slit spectroscopy to study the bright extended nebulosity
discovered in the isolated lenticular galaxy NGC 4460 during a recent Hα survey of
nearby galaxies. An analysis of archival SDSS, GALEX, andHST images indicates that
current star formation is entirely concentrated in the central kiloparsec of the galaxy
disc. The observed ionized gas parameters (morphology, kinematics and ionization
state) can be explained by a gas outflow above the plane of the galaxy caused by a
star formation in the circumnuclear region. Galactic wind parameters in NGC 4460:
outflow velocity, total kinetic energy – are several times smaller comparing with the
known galactic wind in NGC253, which is explained substantially lower total star
formation rate. We discuss the cause of the star formation processes in NGC 4460
and in two other known isolated S0 and E galaxies of the Local volume: NGC 404
and NGC 855. We provide evidence suggesting that feeding of isolated galaxies by
intergalactic gas on a cosmological time scale is a steady process without significant
variations.
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1 INTRODUCTION
Isolated elliptical (E) and lenticular (S0) galaxies are rather
rare objects, whose properties differ appreciably from E
and S0 galaxies in clusters and groups. Among the 513
most isolated galaxies of the Local Universe with radial
velocities VLG < 3500 only 19 systems (i.e., about 4 per
cent) belong to types E and S0 (Karachentsev et al. 2009).
Isolated E and S0 galaxies are characterized by low lu-
minosity (MB ≃ −17.
m6), bluer-than-average colors, and
appreciable presence of gas and dust. The nearby lentic-
ular galaxy NGC 404 with MB = −16.
m6, which was
found to host an extended HI shell (Del Rio et al 2004) and
ultraviolet-bright ring of young stars (Thilker 2009), is a
typical example. Among ∼ 450 Local-volume (LV) galaxies
with heliocentric distances D< 10 Mpc (Karachentsev et al.
2004) there are only three E and S0 galaxies with ab-
solute magnitudes [−16.0 > MB > −18.0] and nega-
tive ‘tidal indices’ TI<0, which allowed these galaxies —
NGC 404, NGC 855, and NGC 4460 — to be classified as
isolated objects. These objects seem to be local analogues
of recently identified by Kannappan, Guie & Baker (2009)
⋆ Based on observations collected with the 6m telescope of the
Special Astrophysical Observatory of the Russian Academy of
Sciences which is operated under the financial support of Science
Department of Russia (registration number 01-43)
† moisav@gmail.com
‘blue-sequence E/S0’ galaxies which might form a transition
population between late-type spirals/iregulars and early-
type red-sequence galaxies.
An extensive Hα survey of LV galaxies has been carried
out in recent years with the 6-m telescope of the Special As-
trophysical Observatory of the Russian Academy of Sciences
(SAORAS) in order to determine rates of star formation in a
representative distance-limited sample of galaxies. An anal-
ysis of the population of Canes Venatici I scattered cloud of
nearby galaxies revealed (Kaisin & Karachentsev 2008) that
the circumnuclear region in NGC 4460 hosts the bright Hα
line emission (see Fig. 1), which must be indicative of ongo-
ing star formation. Such a phenomenon appears to be non-
typical in an isolated early-type galaxy. This bright emission
may be a result of a recent merger of NGC 4460 with a gas-
rich companion, or of an impact of a massive intergalactic
HI cloud onto the central region of NGC 4460. In this case,
the Hα nebulosity, which extends along the major axis of
the galaxy, may be a product of a recent interaction. An
analysis of the kinematics and ionization state of the gas
in NGC 4460 helps us understand the nature of this mys-
terious phenomenon. With this aim in view, we analyzed
the available archival images of the galaxy and performed
spectroscopic observations of NGC 4460 with the SAO RAS
6-m telescope. Following Tonry et al. (2001), we adopt the
distance to the galaxy to be 9.59 Mpc that corresponds to
a scale of 46.5 pc arcsec−1.
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Figure 1. Images of NGC 4460 in logarithmic brightness scale. The upper row shows the SDSS r-band image (left) and the Hα+[N ii]
image (right) taken with the 6-m telescope (Kaisin & Karachentsev 2008). The locations of the spectrograph slits are shown. Hereafter
the black square marks the MPFS field of view. The lower row contains the images of the center of the galaxy with Hα line contours
superimposed based on GALEX FUV data (left), HST WFPC2/F606W optical map (center) and map of the (g−r) color index according
to SDSS (right). The cross marks the galaxy nucleus that is coincided with the kinematic center derived from MPFS data. The arrow
shows the position of second circumnuclear knot (see text).
2 PHOTOMETRIC STRUCTURE OF THE
GALAXY
2.1 Circumnuclear region
A comparison of the Hα+[N ii] image of the galaxy with
broadband SDSS images (Fig. 1) convincingly demonstrates
that most of the emission-line radiation emerges from a
compact region in the disc inside the radius r < 20 arc-
sec. That is where all HII regions are located, whereas dif-
fuse Hα+[N ii] emission extends along the minor axis of the
galaxy on both sides of its nucleus. An analysis of opti-
cal and UV images shows that ongoing star formation in
NGC 4460 is concentrated entirely inside the central kilo-
parsec. First, it follows from the distribution of FAR-UV
radiation (λ1344 − 1786A˚) according to GALEX archival
data, that is exactly coincident with the circumnuclear HII
regions (Fig. 1). Second, the young stellar population found
in this region stands out by its bluer color index in SDSS im-
ages (see Fig. 1). Star-forming regions make an almost closed
ring in the disc of the galaxy. The r-band image reveals a
compact nucleus with (g − r) = 0.65, whereas a condensa-
tion located 1.5 − 2 arcsec North of the nucleus (marked
with arrow on Fig. 1) becomes brighter in blue filters with
the color (g − r) = 0.45. On the HST optical image this
c© 2002 RAS, MNRAS 000, 1–11
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circumnuclear knot corresponds to compact stellar cluster
with a linear size FWHM = 17 × 10 pc whose luminosity
is only twice lower than that of the compact cluster in the
‘main’ nucleus. We note that the dynamical center of the gas
velocity field (marked with cross on Figs. 1 and 3) coincides
with the main nucleus of the galaxy (see below Sect. 5). The
circumnuclear star-forming regions have evidently different
evolutionary status, because only NE of the nucleus does the
peak of Hα emission coincide with the ‘blue’ region on the
(g−r) map. At the same time, the two blue regions near the
minor axis (including the second nucleus) are unassociated
with Hα+[N ii] peaks. These regions must have already lost
most of their gas or lack OB stars needed for its ionization.
The SDSS images exhibit individual dust lanes in the
inner part of the region. On the HST image these lanes can
be easily seen to border HII regions, and they are most prob-
ably be associated with dense gas compressed by shocks pro-
duced by star-forming processes (SN explosions and winds
from massive stars).
2.2 Orientation of the disc and the brightness
distribution
Using isophotal analysis of SDSS images we found the posi-
tion angle and ellipticity of the outer r and i-band isophotes
to be PA = 39.5±0.4◦ , ǫ = 0.71±0.02. According to empir-
ical relation (Hubble 1926), this implies a galaxy inclination
of i = 77±1◦. We used the inferred orientation parameters to
construct the azimuthally averaged surface-brightness pro-
files of ubvri SDSS images. In all filters the brightness distri-
bution is almost exactly exponential at r > 30 − 40 arcsec,
with the brightness excess at r < 20 arcsec being more con-
spicuous in blue filters – it is represented by star-forming re-
gions. Figure 2 shows decompositions of the r -band surface
brightness profile into components. After the subtraction of
the outer disc (µ0 = 19.4
m, h = 29.5 arcsec), brightness ex-
cess still remains at r < 30− 40 arcsec. However, it is not a
bulge, because after the subtraction of the two-dimensional
disc model the brightness contours of the residual image
have the same ellipticity as those of the outer disc. The
brightness profile at the center can be described fairly well
by a second exponential function with almost the same cen-
tral brightness (µ0 = 19.2
m), but with a three times shorter
scale length h = 11.5 arcsec. At the center one can see a
low-contrast compact nucleus described above.
It thus follows that only some of the morphological
features (smooth outer isophotes, lack of spiral arms) sug-
gest that NGC 4460 may be a lenticular galaxy, whereas
the bulge/disc ratio is indicative of a later morphological
type, because the spherical component is barely visible in
the brightness distribution. Inner exponential discs are of-
ten referred to as ‘pseudo-bulges’ (Kormendy & Kennicutt
2004). However, the corresponding feature in NGC4460 it is
indeed a bona fide disc whose thickness, according to pho-
tometric data, coincides with that of the outer disc.
Multitiered (antitruncation according the classification
by Erwin, Beckman & Pohlen 2005) discs have been found
increasingly often in spiral and lenticular galaxies, and they
are attributed either to slow internal secular evolution that
can only develop in the presence of a bar and/or a spiral (see
Kormendy & Kennicutt 2004, for review), or to a recent mi-
nor merging event. Both cases imply the loss of angular mo-
mentum by a part of gas moved toward the center, where a
burst of star formation currently occurs, and the newly born
stars form the inner disc with a short scale length. Recent
formation of the inner disc is also evidenced by the fact that
its contribution to the combined brightness profile (Fig. 2)
is almost everywhere smaller than that of the main disc of
the galaxy.
2.3 Bar or ring?
In Sect 2.1 we mentioned that the star-forming regions make
an almost closed ring in the central kpc. At first sight, the
observed distribution of the HII regions has another inter-
pretation, where the two brightest condensations, located
almost equidistant from the nucleus ∼ 10 arcsec to north-
east and south-west, belong to the ends of a stellar bar. In
this case, the two blue regions appeared on the color-index
map (Fig. 1) at r = 2 − 4′′ (included the off-nuclear com-
pact cluster mentioned above) can be considered as part of
nuclear compact ring formed on the resonances of this bar.
However, this assumption contradicts to other morpho-
logical features. First is a significant asymmetry in the prop-
erties of two brightest HII regions. They have different size,
Hα-luminosity and color index, i.e. different history of their
formation. That is strange in the case of lobes on the ends
of a bar which should be formed simultaneously. Secondly,
the dust in the circumnuclear region has a chaotic distribu-
tion (Sect 2.1) instead sharp curved dust lanes expected in a
bar. Finally, the isophotal analysis of SDSS red images does
not support any significant changes of ellipticity and PA of
isophotes at the distances corresponded to the possible bar.
The effect of non-circular gas motions (radial inflow)
could be also insufficient in the observed gas velocity field,
because the major axis of possible bar coincides with the
galaxy line of nodes. Therefore, the regular velocity pat-
tern in the circumnuclear region of ionized gas velocity
field (Sect. 5) can not be use as pro or contra arguments
about bar. We think that only data on stellar kinemat-
ics can evident the existence (or absent) a stellar bar in
NGC 4460. However, our analysis of galactic photometry
presented above suggests the star-forming pseudo-ring 2 kpc
in diameter nested in the inner stellar disc as more reliable
description of the observed morphology.
3 OBSERVATIONS AND DATA REDUCTION
Long-slit and integral-field (3D) spectral observations were
made at the prime focus of the SAO RAS) 6-m telescope.
The 2048× 2048 EEV 42-40 CCD was used as a detector in
both cases.
The central region of NGC 4460 was observed with
the MultiPupil Fiber Spectrograph (MPFS). The MPFS
(Afanasiev, Dodonov & Moiseev 2001) takes simultaneous
spectra from 256 spatial elements (constructed in the
shape of square lenses) that form on the sky an ar-
ray of 16 × 16 elements (‘spaxels’) with the angular size
1 arcsec spaxel−1. A bundle of 17 fibers placed at the dis-
tance about 3.5 arcmin from the lens array provides the
night-sky background spectra simultaneously with objects
exposition. The spectral range included bright emission lines
of ionized gas: Hα, [N ii]λλ6548, 6583 and [S ii]λλ6717, 6731.
c© 2002 RAS, MNRAS 000, 1–11
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Table 1. Log of spectral observations
Date Device position Texp sp. range sp. resol. seeing
(s) (A˚) (A˚) (arcsec)
27/28 Mar 2007 MPFS nucleus 1800 5800-7300 3.5 1.7
15/16 May 2007 SCORPIO/LS PA= 128◦, offset 5 arcsec to SW 1200 6050-7100 2.5 1.7
15/16 May 2007 SCORPIO/LS PA= 128◦, offset 9 arcsec to NE 900 6050-7100 2.5 1.8
Figure 2. Decomposition of the r-band surface brightness profile
(dots) into two discs (the dashed line). The solid line marks the
sum of both disc models.
Fig 1 shows the locations of MPFS lens array on the
galaxy image, the log of observations is presented in Ta-
ble 1. The spectra were reduced using the IDL-based soft-
ware, the data reduction sequence is briefly described in
Moiseev, Valde´s & Chavushyan (2004). The data reduction
results in a data cube in which a spectrum corresponds to
each image ‘spaxel’ in two-dimensional field 16×16 arcsec2.
The data cube was flux-calibrated using the standard star
observations taken on the same night, just after the galaxy.
The maps and velocity fields of the Hα, [N ii] and [S ii] emis-
sion lines were constructed using a single-Gaussian fitting.
The long-slit observations have been made with the
multi-mode focal reducer SCORPIO (Afanasiev & Moiseev
2005). We obtained two cross-sections in direction near
perpendicular to the galactic major axis, along extended
Hα filaments and though bright HII-regions in the galaxy
disc (hereafter slits #1 and #2, see Fig. 1). The slit width
was 1 arcsec, the scale along slit was 0.35 arcsec px−1, the
log of observations is given in Table 1. The slit spec-
tra were reduced and calibrated using the IDL-based soft-
ware, developed in SAO RAS. The parameters of the emis-
sion lines (FWHM, flux, velocity) were calculated from
a single-Gaussian fitting. A multicomponent structure of
the emission line profiles was not detected as well as in
MPFS spectra. The long-slit spectra are deeper, because
SCORPIO quantum efficiency is significantly higher than
MPFS. This fact allows us to detect the weak emission lines
[OI]λλ6300, 6360 and He Iλ6678 in the brighter HII regions
in the galactic disc.
4 PARAMETERS OF IONIZED GAS
Fig. 3 shows several maps based on MPFS data. The Hα
brightness distribution agrees well with the narrow-band fil-
ter image discussed above. The continuum image exhibits
a central condensation extending along the N-S direction.
Given the lower spatial resolution of the MPFS compared
to SDSS data, the condensation must correspond to the
double nucleus described in Sect. 2.1. The MPFS field of
view contains three bright HII regions. The maps of the
[N ii]/Hα and [S ii]/Hα flux ratios indicate a slight en-
hancement of forbidden-line emission around star-forming
regions1, whereas the corresponding ratios are minimal at
the centers of HI regions (see Fig. 3). In the space be-
tween star-forming regions we most likely observe hot gas
ejected from these regions and ionized, among other factors,
by shocks. The presence of shock fronts around HII regions
is further evidenced by dust lines seen at these locations
(Sect. 2.1). In these places the [S ii]/Hα ratio reaches 0.45,
which is close to the usually adopted border between shock
ionization and photoionization (see below).
Figure 4 shows variations of the emission-line param-
eters (flux, radial velocity, FWHM corrected for instru-
mental broadening) along the slits. The maximum of the
emission lines brightness is therefore shifted relative to the
peak in brightness of stellar continuum, because bright HII
regions in the circumnuclear ring do not lie on the major
axis of the galaxy. Beyond the disc, surface brightness in
the nebulosity decreases almost exponentially and emission
lines can be detected at even greater distance from the disc
than on the Hα+[N ii] image. The [S ii]/Hα, intensity ratio
increases with increasing distance from HII regions, whereas
the corresponding increase of the [N ii]/Hα ratio is less ap-
preciable (see Fig. 4).
To identify the source of gas ionization, we constructed
the diagnostic diagram showing the ratios of the fluxes of
lines with different excitation mechanisms and similar wave-
lengths so that the result would not depend on dust extinc-
tion. Unfortunately, we can construct only one such dia-
gram in the wavelength interval considered: [N ii]/Hα versus
[S ii]/Hα (Fig 5). The dashed lines separate regions with dif-
ferent excitation mechanisms indicated as ‘photoionization’
and ‘shock’. We assume, in accordance with Stasin´ska et al.
(2006), that in the case of ionization by young stars
the line rations follow to relations: log [S ii]/Hα < −0.4,
log [N ii]/Hα < −0.4. Higher relative intensity of forbid-
den lines means that shocks, or even a nonthermal source
(AGN), contribute appreciably to ionization. When inter-
1 Hereafter by the [N ii]/Hα and [S ii]/Hα ratios we mean the
[N ii]λ6583/Hα and [S ii](λ6717 + λ6731)/Hα line flux ratios, re-
spectively.
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preting the positions of data points on the diagram one must
bear in mind that: (1) boundaries of the photoionization do-
main are somewhat controversial. Namely, the boundaries
are determined not only by particular models, but also by
the statistics of observations of different galaxies samples;
(2) in real objects the combined effect of several ioniza-
tion sources is present. Thus, according to Stasin´ska et al.
(2006), the−0.2 < log [N ii]/Hα < −0.4 domain corresponds
to a composite source of ionization in LINER-type galaxies:
photoionization by stars plus the effect of shocks, and shocks
dominate only at log [N ii]/Hα > −0.4. Note that many re-
searchers use even harder criterion (e.g., log [N ii]/Hα > 0
in Veilleux, Cecil & Bland-Hawthorn 2005).
Figure 5 shows that the gas in the circumnuclear region
(i.e. central part observed with the MPFS, and the r < 5
arcsec regions in slit #1 and r < 10 arcsec regions in slit
#2) is ionized by young stars. In the outer filaments shock
ionization begins to dominate with increasing distance from
the disc plane, according to the [S ii]/Hα criterion. At the
same time, the [N ii]/Hα criterion indicates that all our mea-
surements, except several data points with r ≈ 30 arcsec in
slit #2, lie in the photoionization domain. However, in this
case we consider the latter criterion to be less important, be-
cause the observed line ratio agrees well with the results of
model computations Allen et al. (2008) for shock+precursor
ionization with number density n = 1 cm−3 and solar metal-
licity. Figure 5 shows the grid of parameters for this model.
It is evident from this figure that with increasing r the ob-
served data points lie along the lines of the increasing shock
velocity from 200 to 300 kms−1 for small values of magnetic
parameter 0− 1µG cm2/3. For estimation of gas mettalicity
we used the data of slit #2 that passes through the center
of the brightest HII region, where the [N ii]/Hα ratio is min-
imal and equal to 0.16 ± 0.03. If we assume that the shock
contribution is minimal at this location then the approxi-
mation of Stasin´ska et al. (2006) implies a gas metallicity
of 0.74± 0.04Z⊙, i.e. the solar-metallicity approximation is
quite applicable to NGC 4460.
It thus follows that gas ionization in the extended Hα
nebulosity can be explained by the combined effect of shocks
and photoionization by young stars with the latter dominat-
ing in the inner regions. The galaxy lacks an active nucleus
and therefore the likely cause of shocks is star formation.
Gas is blown above the plane of the galaxy by the com-
bined action of supernovae and stellar winds from young
massive stars. This phenomenon is known as a ‘galactic
wind’ (see a review by Veilleux et al. 2005). For compari-
son, we present in Fig. 5 the line ratios for three well stud-
ied galaxies where the existence of galactic wind has long
been proven: M 82, NGC 253, and NGC 1569. For M 82
we give two average values obtained by Westmoquette et al.
(2009), who used DensePak and GMOS instruments. We
adopt the galactic-wind data for NGC 253 from Fig. 5 in
Matsubayashi et al. (2009), and for NGC 1569 we give sev-
eral estimates for external emission regions adopted from
Fig. 7 in Heckman et al (1995), for slit PA = 70◦ and r =
±20,±50,±70 arcsec from the center. On the diagnostic dia-
gram the published data for these well-known galactic winds
scattered in relative wide range (±0.5 dex), which also in-
cludes the data points for NCC 4460 . Shock contribution to
gas ionization in the filaments of NCC 4460 is comparable to
galactic winds for all three galaxies hitherto studied. More-
Figure 3. Results of MPFS observations. The top panel shows
the continuum image taken near λ6400A˚(left) and the Hα map
(right). The bottom panel shows the Hα velocity field (left) and
the map of the [S ii](λ6717 + λ6731)/Hα flux ratio with Hα con-
tours superimposed (right). The coordinate origin coincides with
the dynamic center (the cross).
over, the [S ii]/Hα ratio in NGC 4460 is comparable with the
values observed in NGC 253 and NGC 1569. That is not for
[N ii]/Hα, because the intensity of the nitrogen doublet also
depends from from metallicity. For instance, [N ii]/Hα ratio
in NGC253 is most likely due to the nitrogen overenrichment
of the interstellar medium (Matsubayashi et al. 2009).
We use the [S ii] line doublet ratio to estimate the elec-
tron density ne in accordance with the relation of Osterbrock
(1989) for Te = 10 000K. Figure 6 shows the radial varia-
tions of of the line ratio and corresponded values of ne. Un-
fortunately, Osterbrock’s relation can be applied with confi-
dence only at ne > 50− 100 cm
−3, whereas at low densities
the slope of the ([S ii]λ6717/λ6731 vs ne) relation flattens
and therefore leads to large uncertainties. Although the ob-
served line ratio lies mainly inside this ‘inconvenient’ inter-
val, it is safe to conclude that the density of emitting gas is
low than 100 cm−3 in the disc of the galaxy. Outer filaments
exhibit a large scatter of density values ranging from zero
to 200 − 300 cm−3. It might be supposed that in the outer
regions the spectrograph slit crosses individual clumps with
highly nonuniform density distribution.
5 THE GAS KINEMATICS
The Hα-line velocity field based on MPFS measurements
(Fig. 3) can be described fairly well in terms of the model of
circular rotation of the thin disc. The line-of-sight velocities
measured by the [N ii] and [S ii] lines show no appreciable
deviations from Hα line-of-sight velocities. The center of
c© 2002 RAS, MNRAS 000, 1–11
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Figure 4. Measurements of parameters of the Hα, [N ii]λ6583 and [S ii]λ6717 + 6731 emission lines along the slits #1 (left) and #2
(right). From top to bottom: surface brightness, line-of-sight velocity, FWHM (corrected for the widths of the instrumental profile), and
the line-to-Hα flux ratio. The dashed and solid lines show the systemic velocity (according to MPFS data) and the cross section of the
model velocity field, respectively.
rotation defined as the symmetry center of the velocity field
coincides with the center of the continuum image.
We constructed the model of rotation using the method
described by Moiseev et al. (2004) with the position angle
and inclination of the disc fixed in accordance with photo-
metric data (Sect. 2.2). The PA measured from the velocity
field agrees with the photometric position angle within the
errors. The systemic velocity is Vsys = 508 ± km s
−1. The
rotation curve shows solid-rotation increase up to vmax =
67 kms−1 at r = 20 arcsec that is a border of MPFS field-
of view. This value is close to the maximum rotation ve-
locity according to HI measurements (Sage & Welch 2006)
Observed velocities deviate from the corresponding model
values by up to 20 km s−1 along the minor axis of the galaxy,
and this behavior is most probably indicative of gas ejection
above the plane of the galaxy. It could also be due to the
uncertainties in the model: the thin-disc approximation may
perform poorly at i = 77◦, internal absorption should be
taken into account, etc.
The ionized gas velocity field in the compact star clus-
ter region noted on optical images at ∼ 2 arcsec North of
the nucleus (see Sect. 2.1) does not show any kinematic pe-
culiarities, like non-circular motions or shift of the rotation
center. Therefore, our data do not support that this clus-
ter is a nucleus of a dwarf satellite – a merging remnant.
c© 2002 RAS, MNRAS 000, 1–11
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Figure 5. The diagram of the [N ii]/Hα vs [S ii]/Hα flux ratios. The dashed line separates domains with different ionization mechanisms.
The blue lines show the grid of shock+precursor ionization models according to Allen et al. (2008) for n = 1 cm−3 and solar elemental
abundances. The thin and bold blue lines mark the contours of constant magnetic parameter 0.001, 0.5, 1, 5µG cm2/3 (from bottom to
top) and contours of constant shock velocity (which is labeled in km s−1), respectively. The circles show the measurements made along
slits #1 (left) and #2 (right). Different colors correspond to different distances along the slits. The diamond signs indicate the results
of MPFS measurements for the circumnuclear region. The asterisks in the left-hand figure show the measurements for the regions of
galactic wind in M 82 (Westmoquette et al. 2009), NGC 253 (Matsubayashi et al. 2009), and NGC 1569 (Heckman et al 1995).
New high-resolution stellar kinematics data are needed for
understanding the origin of this off-set cluster.
To estimate the peculiar velocities of the outer fila-
ments, we extrapolate our model out to greater distances
assuming that the rotation curve reaches a plateau. Figure 4
compares the model extrapolation and observed velocities
in slit cross sections. Slit #1 shows a good agreement be-
tween the model and observations at r < 15 arcsec in the
NW half of the nebulosity, whereas its more extended SE
half exhibits appreciable deviations already beyond 7 − 10
arcsec from the center with the discrepancies amounting to
30−35 kms−1. Slit #2 passes farther from the center, along
the edge of the field of view of the MPFS, and therefore here
deviations from the model extrapolation are more conspicu-
ous in the disc region. On the whole, we may conclude that
in the outer filaments systematic deviations of the observed
line-of-sight velocities from the corresponding model values
do not exceed, on the average, 30 km s−1. This implies an
outflow velocity of vout ≈ 130 kms
−1, if we assume that the
observed peculiar gas motions are directed perpendicularly
to the plane of the disc and take projection effect into ac-
count. This value is comparable to the observed halfwidth
of emission lines, which amounts to 150 − 170 km s−1 at a
distance of r = 20 − 30 arcsec (0.9-1.4 kpc), whereas the
FWHM is half in the disc. The fact that the amplitudes of
regular velocities are approximately equal to those of chaotic
velocities are indicative of strong turbulence in the filament
gas.
6 DISCUSSION
6.1 Galactic wind
We showed above that the peculiarities of the distribution
of the parameters of ionized gas (kinematics, density, and
state of ionization) observed in NGC 4460 can be most eas-
ily explained in terms of the ‘galactic wind’ hypothesis, i.e.,
assuming gas outflow above the plane of the galaxy pro-
duced by a central burst of star formation. The alterna-
tive assumption suggesting that we observe remnants of a
tidally disrupted gas-rich companion is ruled out, because it
would imply that line-of-sight velocities in filaments should
deviate significantly from the systemic velocity. Besides the
above indicators, the shape of the emission nebulosity also
suggests the presence of galactic wind. The nebulosity re-
sembles a butterfly or, rather, two bubbles expanding above
the plane of the galaxy. Note that the diameter of the bubble
has become greater than the halfwidth of the gaseous disc, it
has open vertex, because the latter is no longer compressed
by the ambient gas. Moreover, the emission nebulosity re-
sembles the well-known superwind galaxy NGC 1482 (see
review by Veilleux et al. 2005, for this and other examples).
The nonuniform distribution of the density in the emission
nebulosity is not surprising, because the optical emission
lines are thought to originate from a boundary between hot
bubble gas and cool ambient ISM, fragmented under the ac-
tion of Kelvin-Helmholtz and Rayleigh-Taylor instabilities.
Regions of modern star formation are located at the
c© 2002 RAS, MNRAS 000, 1–11
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base of the wind and we showed that ongoing star formation
is concentrated almost entirely inside a ring less than 2 kpc
in diameter. Gas is ionized not only by the radiation of OB
stars, but also by shocks produced by the combined effect
of supernovae and winds of massive stars, which transfer
kinetic energy to the interstellar medium. The observed line-
of-sight velocities in filaments are small and close to the
systemic velocity, suggesting that these features consist of
gas that was ejected from central regions and has preserved
its angular momentum.The gas outflow occurs mostly in the
sky plane and therefore the line-of-sight projection of the
outflow velocity is small.
We adopt the characteristic length of the brightest fil-
aments l = 30 − 35 arcsec (1.3-1.6 kpc) to derive the dy-
namic age of the emission feature τdyn = l/vout ≈ 10 −
12Myr. The total Hα luminosity of the galaxy is LHα =
1.7×1040 erg s−1 based on the observed Hα+[N ii] flux from
Kaisin & Karachentsev (2008) and the average line ratio of
log [N ii]/H = −0.7. We assume that the wind radiation in-
cludes the flux from the regions located outside the ellipse
with the semi-major axis 25 arcsec and axial ratio 0.4, which
includes all HII regions in the disc. The wind luminosity is
LHα(wind) = 2.7× 10
39 erg s−1, it makes up for 16 per cent
of the total LHα, and the SE and NW parts of the bipolar
structure have almost equal luminosities (9 and 7 per cent,
respectively). We now adopt, in accordance with Fig. 6, a
mean electron density of ne = 50 cm
−3 to infer, in the same
way as Matsubayashi et al. (2009), the total mass of ionized
gas ejected from the disc2, Mwind = 1.7 × 10
5M⊙, and its
kinetic energy E = 5.8 × 1052. We describe the emitting
volume of the SE part of the outflow wind by a truncated
cone with the bases of diameters 30 and 40 arcsec to derive
a characteristic filling factor for this volume f ≈ 3 × 10−5.
This value of f is indicative of the highly nonuniform nature
of the emitting medium – Hα emitting gas is located mostly
in the walls of the bubble, which fragment under the action
of characteristic instabilities (Veilleux et al. 2005).
We now compare our inferred parameters with the
wind parameters in two well-known nearby galaxies:
M82 (Shopbell & Bland-Hawthorn 1998) and NGC 253
(Matsubayashi et al. 2009). The mass of the ejected gas in
NGC 253 is almost the same as in our case, although the ki-
netic energy of the gas is twice lower, whereas the formation
time scale of the feature is almost six times shorter. In M82
Mwind and E are greater by almost a factor of 30 and 360,
respectively, with closer τdyn = 3.4 Myr. The wind outflow
velocities in these galaxies are three to four times higher
than in NGC 4460. Given our remark about the uncertainty
of measured vout, it can be concluded that, on the whole, the
wind parameters in NGC 4460 are close to those observed in
NGC 253, except for the fact that the emission nebulosity in
NGC 4460 took much longer time to form. This is not sur-
prising, because the total SFR formally inferred from LHα
is almost 10 times higher in NGC 253. This fact most likely
2 In this analysis we used information about single phase of the
wind, because Hα emission traces only the cooler interaction zone
between hot wind fluid and the ambient medium. Therefore the
values of Mwind and E are underestimated. However, we present
its for comparison with the similar values taken from similar anal-
yses in other galaxies.
Figure 6. Variation of the [S ii] line doublet ratio for slit #1
(top) and slit #2 (bottom). The horizontal dashed lines indicate
the values of electron density corresponded which are labeled near
the lines.
determines the relatively lower outflow velocity. In particu-
lar, we do not know whether the kinetic energy of the wind
is sufficient for the gas to escape from the galaxy. A sim-
ple estimate of the escape velocity obtained in terms of the
isothermal sphere model with a cutoff radius of 2 arcmin
yields vesc ≥ 2.7vmax = 180 kms
−1 for regions located at
galactocentric distances r < 8 arcsec, which is appreciably
greater than vout. Therefore, most probably, after cooling
down, the gas of the wind will fall back onto the galactic
plane.
6.2 Cause of the burst of star formation
Thus the central kiloparsec in NGC4460 is engulfed
in on-going star formation (SFR = 0.3M⊙/yr, see
Kaisin & Karachentsev 2008), in contrast to the rather old
and ‘quiet’ disc of the galaxy. What could have triggered star
formation in this lenticular galaxy? Tidal interaction with
a companion is unlikely since the galaxy appears isolated.
Neither there is any evidence for a merger of a gas-rich dwarf
companion – the velocity field lacks kinematically decoupled
components to be expected in such a case. No tidal features
can be seen on optical images or published low-resolution HI
maps (Sage & Welch 2006). The inner disc that we found in
the brightness distribution proves that star formation has
been going on for quite a long time in the center, however
it is not indicative of interaction.
We already pointed out above that isolated E and S0
galaxies are rather rare objects, their integrated parame-
ters differ appreciably from normal E and S0 galaxies in
c© 2002 RAS, MNRAS 000, 1–11
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groups and clusters. Table 2 lists the basic parameters of all
the three representatives of this category of galaxies found
within 10 Mpc from the Sun. Row (2) gives the tidal index
according to Karachentsev et al. (2004); distances in row (3)
are from Tonry et al. (2001) for except NGC 404 for which
mean value from Tonry et al. (2001) and Karachentsev et al.
(2002) is accepted; Rows (1), (4) and (5) give the ob-
served parameters of the galaxies adopted from the NED
database; Row (6) presents the HI mass from HyperLEDA
database adopted for the accepted distances. Row (7) gives
the estimated global star-formation rate in galaxies inferred
from their Hα fluxes from Kaisin & Karachentsev (2008) for
NGC 4460 and from Karachentsev & Kaisin (2010) for other
two galaxies. The last rows give two dimensionless and dis-
tance independent parameters (see Karachentsev & Kaisin
(2007) and Kaisin & Karachentsev (2008) for details): P ∗K =
log([SFR]× T0/LK) and F
∗ = log(MHI/[SFR]× T0). The
former characterizes the proportion of its luminosity the
galaxy would produce during the Hubble time T0 = 13.7
Gyr at the current rate of star formation and the mass-to-
(K-band)-luminosity ratio M/LK = 1M⊙/L⊙. The param-
eter F ∗ shows how much Hubble time the galaxy will need
in future to spend the present supply of gas if star formation
proceeds at the currently observed rate.
Distribution of 420 Local volume galaxies in the ‘past-
future’ diagram (Karachentsev & Kaisin 2010) is presented
in Fig. 7. The discussed isolated early-type galaxies of mod-
erate luminosity are distinguished on the diagram by red
color. Here, galaxies of different morphological types occupy
essentially different regions in the diagnostic diagram. The
median values of P ∗K and F
∗ for the total LV sample are
−0.40 and −0.25, respectively. These quantities mean that
a typical LV galaxy requires 2 − 3 times higher SFR in
the past to reproduce its observed luminosity, having also
enough amount of gas to continue star formation with the
observed rate during the next 8 Myrs.
The NGC 404, NGC 855, and NGC 4460 galaxies differ
appreciably in luminosity, but have almost similar hydrogen
masses ∼ 1 × 108M⊙. Specific star-formation rate per unit
luminosity differs little among these galaxies. The parameter
P ∗K is only slightly smaller than zero for all three galaxies,
and this indicates that the galaxies are capable of reproduc-
ing most of their stellar mass during cosmological time T0
provided that star formation is at the current level. At the
same time, the available gas reserves in these galaxies can
maintain the current rate of star formation only for a short
time scale ranging from 1/40 (NGC 4460) to 1/6 (NGC 404)
of the age of the Universe.
The location of isolated E and S0 galaxies on the diag-
nostic diagram {P ∗K , F
∗} does not allow us to view their
observed evolutionary stage as a burst of star formation
triggered by a merger of a companion or a single hydro-
gen cloud. Should this be the case, one would expect in
the Local Volume, in addition to the three isolated emission
E and S0 galaxies mentioned above, an order of magnitude
greater number of similar objects at the quiescent interburst
stage. However, the currently available Hα-flux data for 420
galaxies of the Local Volume Karachentsev & Kaisin (2010)
do not support the existence of such a population. Besides
NGC 4460, NGC 404, and NGC 855, the Local Volume con-
tains only two other isolated galaxies: NGC 2787 (S0-a) and
NGC 4600 (S0) where very weak Hα emission is presented.
Table 2. Integrated parameters of isolated E/S0 galaxies within
10 Mpc
Line Parameter NGC 4460 NGC 855 NGC 404
(1) Type SB(s)0+ E SA(s)0-
(2) TI -0.7 -0.8 -1.0
(3) Distance (Mpc) 9.59 9.73 3.24
(4) MB (mag) -17.89 -17.07 -16.61
(5) MK (mag) -20.87 -20.15 -19.00
(6) logM(HI) (sun) 7.92 8.13 7.97
(7) log[SFR](M⊙/yr) -0.59 -1.07 -1.37
(8) P ∗K -0.11 -0.30 -0.14
(9) F ∗ -1.63 -0.94 -0.80
These galaxies gave blue absolute magnitudes −18.5 and
−15.7, respectively.
The predominance of objects with current central star
formation among isolated E and S0 galaxies and their capa-
bility of reproducing the available stellar mass over the cos-
mological time scale with the observed SFR combined with
the scarcity of available gas reserves (∼ 1 × 108M⊙) leads
us to suggest that ongoing star formation in this galaxies
is fed by an external source, i.e. intergalactic gas clouds or
filaments. The process of external gas accretion should be
have a regular steady character on a cosmological time scale,
without significant bursts.
Recently Kannappan et al. (2009) described a popula-
tion of ‘blue-sequence E/S0s’ resided on the locus of late-
type galaxies in color vs. stellar mass parameter space. They
argue that these galaxies actively (re)growing their stellar
discs and therefore may form a bridge between late-type spi-
rals/iregulars and early-type red-sequence galaxies. Many
of low-to-intermediate mass blue-sequence E/S0s reside in
low density environments, often have a blue center and sub-
stantial fraction of cold gas. However their gas consumption
time usually smaller than 3 Gyr (Wei et al. 2009). All these
properties are similar with the Local Volume isolated E/S0
galaxies described above, therefore NGC 4460, NGC 404,
and NGC 855 seem to be belonging to the population of
blue-sequence E/S0s. Kannappan et al. (2009) suggest these
galactic population connects with the disc rebuilding after
major/minor merging or companions interactions. In the
present paper we stress that accretion of external gas is also
important in a particular case of the evolution of isolated
early-type galaxies.
7 SUMMARY
We used available UV and optical images to explore the
structure of the isolated lenticular galaxy NGC 4460. Also
we obtained long-slit and 3D spectroscopic data to probe the
origin of the bright Hα nebulosity surrounding the central
region of the galaxy. We consider the following points to be
the most important.
(i) All ongoing star formation with the rate about
0.3M⊙/yr resides in a pseudo-ring with radius about one
kiloparsec. Together with antitruncated shape of the surface
brightness profile it suggests a recent formation of the inner
exponential disc, whose radial scale three times smaller than
global old stellar disc.
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Figure 7. Evolutional plane ‘past-future’ for 420 Local Volume
galaxies (Karachentsev & Kaisin 2010). The galaxies observed
and detected in Hα are shown by filled symbols, and galaxies with
only upper limit of their Hα flux are indicated by open circles. The
isolated E/S0 galaxies of moderate luminosity are distinguished
by red squares and marked with their NGC numbers.
(ii) Whereas gas in the circumnuclear disc is photoion-
ized by radiation of young stars, the external regions of
Hα nebulosity are ionized by shocks. This fact, in combi-
nation with a bi-conical shape of the ionized gas nebulosity,
with the radial distributions of the emission lines velocities
and width can be explained as a galactic-scale outflow (su-
perwind) induced by a central star formation. We estimated
outflow velocity as ≥ 130 km s−1. Galactic wind parameters,
such as outflow velocity, formation time and total kinetic
energy are several times smaller comparing with the known
galactic wind in NGC253, which is explained by substan-
tially different star formation rates.
(iii) Also we discussed the evolutional status of NGC 4460
together with other well-isolated E/S0 galaxies in the
local volume: NGC 404, and NGC 855. We considered
the position of the galaxies on the ‘past-future’ diagram
(Karachentsev & Kaisin 2010) and suggested that continu-
ous accretions of an intergalactic gas is most probable source
of their current star formation. In contrast to merging sce-
nario, the external gas accretion seems to be a sluggish pro-
cess without violent events.
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